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PRESSURE DISTRIBUTICNS ON THREE BODIES OF REVOLUTION TO
DETERMINE THE EFFECT OF REYNOLDS NUMBER UP TO
AND INCLUDING THE TRANSONIC SPEED RANGE

By John M. Swihart and Charles F. Whitcomb
SUMMARY

This paper presents the results of an investigation conducted in
the Langley 16-foot transonic tunnel to determine the effects of varying
Reynolds number on the pressure distribution on a transonic body of
revolution at angles of attack through the transonic speed range. The
effect of a change 1n sting cone angle on the pressure distributions
and a comparison of experimental incremental pressures with theory is
also Iincluded.

The models were tested through a Mach number range from 0.60 to 1.09.

The Reynolds number range based on body length was from 9 X lO6 to 39 X 106,
and the cross-flow Reynolds number range based on maximum body diameter

was 1.3 X 107 to 4.53 x 10° for the model at 8° angle of attack.

An Increase in Reynolds number from 9 X lO6 to 39 X 106 affected
the longitudinal pressure distributions very slightly. These effects
were of such a nature as to cause an increase of 0.05 in the normal-
force coefficient of the body when tested in the suberitical cross-flow
Reynolds number range. This increase is in agreement with theoretical
approximations.

A comparison between experimental and theoretical values of the
incremental pressure coefficlient due to angle of attack indicated good
agreement except at angles where separated flow areas existed over the

body.

The effect of a change in sting-cone angle from 5° to 9° on the
pressure distribution of the 120-inch model was negligible up to a
Mach number of 1.05. At this Mach number the effect was to cause a
small increase in the velocity over the rear of the body.
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INTRODUCTION

Long slender bodies of revolution have been used for airships,
fuselages, external stores, and more recently, for missiles. Tests of
these bodies have been greatly accelerated because of their increased
employment as aerodynamic shapes 1n the transonic and supersonic speed
ranges. Some of the information available for several different bodiles
is reported in references 1 to 4. Same effects of Reynolds number on
the pressure-distribution and force characteristics of the RM-10 missile
at supersonic speeds are given in reference 1. Reference 2 presents the
results of an investigation of the effects of cross-flow Reynolds number
on the aerodynamic forces of bodies of different fineness ratio for
various subsonic and supersonic Mach numbers.

Most of the previous investigations of the effects of Reynolds num-
ber on the flow over a body of revolution at high Mach numbers have been
made with zero pitch attitude of the model. The purpose of the present
investigation was to determine the effects of variations in both the
longitudinal and cross-flow Reynolds mumbers on the pressure distribu-
tions over a body of revolution at angles of attack from 0° to 15 for
a Mach number range from 0.60 to 1.09. The sting-cone angle was changed
from 5 to 9 in the presence of one body during the investigation, and
the effects of this change on the pressures over the rear of the body
are also dlscussed. An additional purpose of the investligation was to
present an experimental check of a method shown in reference 5 for the
calculation of the incremental pressure at any point on a slender body
of revolution due to a change in body attitude from zero angle of attack.
Reference 4 presents an experimental check of this method in the trans-
onic Mach number range using a body tested at subcritical cross-flow
Reynolds numbers. This paper presents a supercritical Reynolds number
experimental check of the method.

Three transonic bodies of revolution with identical body profiles
(except where modified for different sting supports) were tested 1n the
Langley 16-foot transonic tunnel at angles of attack from -2° to 15°
over a Mach number range from 0.60 to 1.09.

SYMBOLS
A maximum cross-sectional area, nRe, sq Tt
c normal -force coefficient, Rl
N gA
d body diameter, ft
i oo d
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Re

Reg

length, ft

normal force, 1b

Pp~-D
pressure coefficient, ___q_o_
incremental pressure coefflicient due to angle of attack
local static pressure, lb/sq ft

free-stream static pressure, 1b/sq £t
Ly
free-stream dynamic pressure, ZpV-, 1b/sq ft

maximum radius of model, ft
radius at given station on model , Tt

free-stream Reynolds number, % based on body length

cross-flow Reynolds number, M—i—nﬁ based on body

diameter
velocity, ft/sec
longitudinal distance from nose, ft
geometric angle of attack, deg
meridian angle, mez;.sured from bottom of body, deg
viscosity, slugs/ft-sec

mass density of air in free stream, slugs/ft

APPARATUS

Langley 16-foot transonic tunnel.- A description of the Langley

16-foot transonic tunnel giving details of the slotted transonic test
section is presented in reference 6. In this facility the test-section
Mach number can be varied continuously from about 0.2 to 1.09 simply
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by variation of drive power; no discontinuity in operation 1s experienced
at sonic speed. Figure 1l is a downstream view of the test section of the
Langley 16-foot transonic tunnel showing the 120-inch body installed.

Support strut.- Figure 2 is a sketch of the support configuration
used in the investigation of the 120-Inch body. The main support is a
vertical cantilever strut of circular-arc section, capped with a 14k-inch-
diameter cylindrical body. The cone-shaped sting 1s falred into this
cylinder. The angle of attack of the model is varied by rotation of the
complete strut and sting assembly about a point on the longitudinal axis
of the body. Figure 3(a) shows the details of the long and short cones
with included angles of 50 and 9°, respectively, and the relative posi-
tion of the 120-inch model to the center of rotation when mounted on
either cone. This center of rotation is 96 inches behind the nose of
the 120-inch body for the long cone and 60 inches behind the nose for
the short cone.

Model dimensions.- The body profile 1s that of the standard fuse-
lage of basic fineness ratio 12 used in the NACA transonic-wing research
program. One model has a maximum dismeter of 10 inches, 60 inches behind
the nose. The rear of this model is faired into a 2-inch-diameter cylin-
drical sting section which reduces the length of the actual body below
the basic length of 120 inches for a body of this dlameter and fineness
ratio (see fig. 3(a)). Reference 7, which presents test information
obtained from this identical body at zero pitch attitude, has designated
the model as a 120-inch body. Therefore, for clarity of reference,
despite the above-mentioned sting fairing, this model is designated the
120-inch body. The second model is the same as the 120-inch body with
the exceptlon that it is cut off at 100 inches to provide for a heavier
sting support. A sketch of this model, designated the 100-inch body,
and its sting is shown in figure 3(b). The third model is one-third the
size of the 100-inch body with a 33.33-inch actual or 40-inch basic
length. Figure 3(b) shows the 33.33-inch body-sting combination and its
relative position in the Langley 16-foot transonic tunnel compared with
the 100-inch body. A table of nondimensional ordinates for the basic
body is shown in figure 3(a). The orifice locations for the 120-inch,
the 100-inch, and 33.33-inch bodies are given in figures 3(a) and 3(b),
respectively. The basic length of the body 1s used to define the orifice
location in each case.

Model construction.- The models are all metal and were maintained
in an aerodynamically clean and smooth condition at all times. The sur-
face ordinates of the 120-inch and the 100-inch bodies were essentially
the same; however, they deviated from the design ordinates as Indicated
in figure 4. The maximum deviation was 0.02 inch between 14 and 17 per-
cent of the length behlind the nose, and the deviation was less than
0.008 inch from the specified ordinate over the rest of the body.

=S CONFIDENTEAG,
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TESTS

Test conditions.- The Mach number range covered in this investiga-
tion was fram 0.60 to 1.09. The test data were obtained at constant
tunnel Mach numbers as the angle of attack was varied from -2° to l5°.
For the 120-inch body, the mumber of meridians at which longitudinal
pressure distributions over the body were obtained was effectively
doubled by rolling the model 22.50 from 0° roll at each test condition.

Figure 5 shows the Reynolds number of these tests. The raﬁges are

9 x 106 to 11 x 106, 26 x 106 to 33 x 106, and 3L x 106 to 39 x 106 for
the 33.33-inch, 100-inch, and 120-inch bodies, respectively; all based

on body lengths. The cross-flow Reynolds number ranged from 1.3 X lO5 to

4.53 x 107 with the models at 8° angle of attack. For angles of attack
above 8°, Re, for the 33.33-inch body is in the critical range and

below 8° Re, for the large body approaches the critical region; there-
fore, cross-flow was investigated at only 8° angle of attack. The free-
stream relative humidity was at all times below the saturation point and
generally varied from about 80 percent at the lower speeds to less than
30 percent at the maximum speed.

Instrumentation and accuracy of measurements.- The locations of the
the pressure orifices are shown in figure 3 for the 100-inch, 120-inch,
and 335.33-inch bodies. The pressure orifices in the 120-inch body are
located in 5 meridiams of 21 orifices each, distributed longitudinelly
as shown. There were 4 orifice meridians on the 100-inch body and
6 oriﬁ%ce meridians on the 33.33-inch body. It should be noted that the
8 =75 and 105° meridians did not extend the entire length of the
33.35-inch body because of space limitations. The pressure tubes fram
these orifices were conducted through the sting and strut, and thence
to multiple-tube manometers. The pressure coefficients are estimated
to be accurate to +0.005. The angles of attack as presented are esti-
mated to be accurate to +0.1°,

Tunnel-wall corrections.- There have been no tumnel-wall corrections
applied to the data presented in this paper. Such corrections exclusive
of reflected disturbances at supersonic speeds are believed to be negli-
gible within the speed range of the investigation (see ref. 7).

RESULTS AND DISCUSSION

Presentation of pressure distributlions.- Table I gives the pressure
coefficients on the 120-inch body for 9 meridians and 21 axial positions.
Pressure data on the 33.33-inch body was previously presented in reference I

AR,
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Comparisons of the pressure distributions along the 0° and 180° meridians
of the bodies are depicted in figure 6 for angles of attack from 0° to l5°
and Mach numbers fram 0.60 to 1.09 as plots of pressure coefficient against
fraction of body length. The slight discrepancies which occurred at

x/1 = 0.17 are attributed to local surface deviations of 0.023 inch over
the two larger bodies as shown in figure 4. Tunnel boundary reflected
disturbances also affected the distributions over the 120-inch body at the
supersonic Mach numbers greater than 1.02 (no distributions were obtained
over the 100-inch model in this range). These effects were observed at
all angles of attack. A comprehensive investigation of these disturbances
on bodies of revolution at zero angle of attack is included in reference 8.
Reference 7 defines the extent of the effect of these disturbances on the
pressure distributions over the 120-inch body at zero angle of attack in
the Langley 16-foot transonic tunnel. Mild effects of these reflected
interferences on the large bodies are noted in the vicinity of x/Z = 0.35
at a Mach number of 1.05. The reflected disturbances become stronger as
the Mach number is increased. At a Mach number of 1.09, the disturbances
cause an abrupt positive increase in the pressure coefficients of the
120-inch body at x/l = 0.4k, These wall-reflected interferences appear
to0 have little or no effect on the pressure distribution over the smaller
3%.33.inch body in the Langley 16-foot transonic tunnel at Mach numbers

of 1.05 and greater since the reflected disturbances pass downstream of
the body at these tunnel velocities.

The expected pressure-recovery discrepancies between the 33.33-inch
and 100-inch bodies and the 120-inch body are epparent in figure 6. The
3%.33-inch and 100-inch bodies show an abrupt pressure recovery behind
x/l = 0.75, whereas the 120-inch body shows a more gradual recovery
farther downstream on the afterbody.

Effect of Reynolds Number On the Body Pressure Distributions

Longitudinal pressure distributions.- The effect of increasing the
Reynolds number over body sections is to move the transition point from
laminar to turbulent flow toward the nose of the body at subsonic speeds.
This movement would increase the area of turbulent flow over the body
surface and it would be expected that separation would be delayed to
higher angles of attack. Such changes in the flow would be indicated
in both the pressure distributions and force measurements obtained from
the body. However, if a turbulent boundary layer exists over the entire
body, no changes should be expected in the pressure distributions with
increaeses in Reynolds number (for example, ref. 9).

Comparison of the pressure coefficlents at the 0° and 180° meridiens
for the bodies in figure 6 show small differences in the subsonic speed
range. Comparisons at the other meridian stations not included show
similar results. Similar differences are shown in the supersonic speed
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range except in those regions where wall-reflected wave interferences
intersect the large bodies. It is estimated that the boundary-layer
flow over the two large bodies was almost completely turbulent since

the Reynolds number was generally about 30 X 106, and reference 10 shows

that transition occurs at & Reynolds number of about 11 X lO6 on a
highly polished body. Reference-10 also showed no effect of Reynolds
number at zero angle on the pressure distributions except in a region
of adverse pressure gradient near the model base. Since very small
differences in pressure coefficient occurred near the rearmost orifices
of the 33.33-inch body when compared to the 100-inch body, it is estil-
mated that the boundary-layer flow was turbulent in this region.

Because only slight veriations in the pressure distributions along
the body meridians were noted where comparisons were possible, it was
believed that more significant differences might become apparent if the
circumferential pressure coefficients were examined at stations along
the body.

Circumferential pressure distributions.- When a body of revolution
is rotated to an angle of attack, the cross section of the body pre-
sented to that component of the alr stream normal to the longitudinsl
axis is a circular cylinder. It has long been known that an abrupt
reduction in the pressure drag of cylinders occurs when the boundary
layer changes from laminar to turbulent flow. If Re is below the
critical values, there is laminar flow over the cylinder and separation
of the boundary layer occurs near the maximm radius, however, if Re
is above the critical value, turbulent flow exists and the boundary
layer remains attached to the cylinder until near the rear stagnation
point. Reference 11 shows the critical Reynolds number range for a

cylinder to be fram 2 x 10° to 4 x 10°. Significant changes in the
pressure distribution around the cylinder should be evident with the
separated laminer flow ylelding lower pressure coefficients.

Figure 7 shows the variation of pressure coefficient with meridian
angle at x/l = 0.10 for all the bodies at 8° angle of attack and Mach
numbers of 0.60, 0.95, 1.00, and 1.02. The data for the 33.33-inch body
from reference It are also presented. The x/1 = 0.10 station was chosen
because the local cross-flow Reynolds number for all the bodies would be
below the critical value. There is good agreement between the pressure
coefficlents for a8ll the bodies at most meridian angles and Mach numbers.
Figure 8 shows the circumferential pressures for two stations near the
maximm diemeter for all bodies at 8° angle of attack and at Mach mm-
bers of 1.00 and 1.02. In this case the local cross-flow Reynolds nmum-
ber 1s above the critical range for the large bodies and below the
critical range for the 33.33-inch body. The pressure distributions
at x/1 =0.36 and x/1 = 0.61 for a Mach mmber of 1.00 show that
the small body is developing more negetive pressures over the upper

L e




8 T NACA RM L53HO4

surface (8 > 90°). At a Mach mumber of 1.02 and x/1 = 0.36 it appears
that the pressure distributions of the large bodies and the 35.33-inch
body in the Langley 8-foot transonic tunnel are being affected by slight
boundary reflected over-expansions (see ref. 8) since the 33.33-inch body
pressures of the present investigation are more positive at all meridian
angles. At the same Mach number but at the more rearward body location
of x/1 = 0.61, the distributions indicate no such interferences. The
slotted-tunnel interference investigation of reference 8 made with this
identical 33.33-inch body indicated that no local disagreement in pres-
sure distributions should be anticipated at this body location at a

Mach number of 1.02.

In general, it has been shown that the small changes in the axial
distribution of pressure coefficients may be significant when examined
in the light of the circumferential distributions around the body. Ref-
erence 3 indicated that the normal force of a body might be increased
by an increment of cross-drag and that some differences might be expected
between the forces of a body operated in subcritical and supercritical
Re,. This expected difference in normal-force coefficient could be

attributed to the change in cross-drag coefficient for a circular cyl-
inder from 1.2 to about 0.3 when the critical cross-flow Reynolds number
range was exceeded. Calculation of the normal-force coefficients for
the 33.33-inch body and the 100-inch body by the method of reference 3
indicates that an increment of about 0.05 should be evident. The asso-
ciated changes in drag and pitching moment are very small. Figure 9
shows the normal-force coefficient at 8° angle of attack for the 33.33-inch
and 100-inch bodies at Mach numbers from 0.80 to 1.02. The values were
obtained fram integration of the pressure data, and the normal-force
coefficients for the 33.33-inch body are from reference 4. The increase
of about 0.05 in the normal-force coefficient of the small body over the
100-inch body which is in good agreement with the theoretical approxima-
tions is estimated to be the result of operating in a subcritical cross-
flow Reynolds number range as shown by the circumferential pressure
distributions in figure 8.

Incremental pressure coefficlients due to angle of attack.- The
gradual changes shown in the pressure coefficlents even at the high sub-
sonic and transonic Mach numbers encourage the use of a simple approach
to the evaluation of the body-pressure distributions. Reference 5 pre-
sents & method for estimating the theoretical value of incremental pres-
gsure coefficients due to angle of attack on an inclined slender body of
revolution. The basic assumption made in the application of this theory
is that the crosswise flow on a slender inclined body of revolution may
be treated simply by considering only the flow perpendicular to the body
longitudinal axis. The variation in incremental pressure coefficlents
with the meridian angle for the 120-inch and 33.33-inch bodies at 8°
nominal angle of attack and three Mach numbers is shown in figure 10. The
theoretical curve for each case 1s obtained by the method of reference 5,

- A A
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and the experimental values are shown for the indicated Mach numbers.
The agreement between experimental values and theory is similar to that
reported in reference 4 for the 33.33-inch body alone and these data
substantiate the statements therein that this theoretical approximation
is valid through the transonlc speed range for unseparated flow. The
theory of reference 5 was developed for the inviscid case and does not
apply where separation over the body exists. Separation over the upper
rear surface of the body is indicated by a break in the pattern, at a
meridian angle near 90°, to an incremental pressure coefficient which
tends toward zero. This can be clearly seen at x/l = 0.767 4n figure 10.

Effect of change in sting-cone angle.- Figure 11 shows the pressure
distribution along the 1800 meridian of the 120-inch body for the 5° and
9° sting-cone angles for O° angle of attack and Mach numbers of 0.60,
0.95, 1.00, and 1.05. The change in sting-cone angle was coincident
with a change in tunnel axial position of the model as shown in figure 3.
For this reason, the very small axial changes in local velocity in the
empty tunnel must be evaluated 1n addition to the local velocity changes
on the body attributeble to the change in sting-cone angle. The effect
of the change in sting-cone angle from 5° to 9° and the coincident shift
in tunnel axlal position is very small. At the subsonic Mach numbers
(0.60 and 0.95) the experimental data showed higher velocities over the
rear portion of the body in the presence of the 50 cone which were fully
explained by the change in axial position. At sonic speed the velocitles
were higher in the presence of the 9° cone which was agaln traced to the
change in axisl position. At a Mach number of 1.05, however, the change
in axial position did not entirely explain the higher velocitles on the
afterbody in the presence of the 9° cone. The higher velocities in the
presence of the 9° cone are opposite in sense to the difference expected
from a theoretical conslderation of the subsonic flow ahead of two dif-
ferent cones. The maximum difference in pressure coefficient is only
0.025 at a Mach number of 1.05, but it serves to emphasize that sting-
support systems should be kept as smell as possible with their maximm
diameter far behind the model.

CONCLUSIONS

The investigation of three slender bodies of revolution at angles
of attack from -2° to 15° through a Mach number range of 0.60 to 1.09
has led to the following conclusions:

1. Reynolds number bad a smell effect on the axial pressure dis-
tributions of these slender bodies of revolution for the range of the
varigbles investigated.
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2. The decrease in the body normal-force coefficient when increasing
the cross-flow Reynolds number above the critical range is 1n agreement

with theoretical approximations.
3. Existing theory for calculetion of incremental pressure coeffi-

cients on a slender body of revolution operating at angle of attack
yields results which are in good agreement with experiment except in

areas of separated flow.
}., The effect of a change in sting-cone angle from 5° to 9° and a

coincident change in tunnel axlal position on the pressure distribution
was negligible up to a Mach number of 1.05.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,

Langley Fleld, Va., August 11, 1955.
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TABLE Y
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REVOLUTION IN THE LANGLEY 16-FOOT TRANSONIC TUNNEL
(a) M = 0.60.

S
>
=]
a
C]
2]
L]
Q
=

0.017(0. 0.0843 0.1337]0.1491 [0.1576{0. 0.017|0.1825(0.1718 |0. 1480 0.
{ .0959 0637 : -13161 .

g
§
BRERER | -
hekERE
RE38
295
£
§5ERa
g 5
i
.:go

REEl g o
; .
3

383
gai
g

B8 83893098598
g
d

o
R

g

0.017]0.1187] 0.12! . 0.122%|0.1283|0.1279]0.1319]0.133% || 0.1 7| 0. 2165}0. 1960 | 0.
o843 .08%9]-.0861| .08TT|l -

8
Bg
84
5

iz}
§

n

i

R

)

%

;-%.-
e
?
88

D)

§§§§39§§§§§§§§
g
i
;
B

2
:

L

§
ey
vy

§
g
43

0.017] 0.1475{ 0.

bgs
&
B
§
&3t

:
§835%

|
b
i
i

3
:
33888
;
g

:
it
i

)
.
]
.

A
:
B

3
4

i
33s3Eamns
i
B
Exttaas
L

FapdRbpakyl
adaie
§

:
i
:

=.0055] .

§
5
§

§ 3
SEBbENIIRRRERRRELY

LR

—~
| B8
848

§
oy

- —

|
|
Zﬁ
@



NACA RM L53HOM e 13

TABLE I.- Continmed

PRESSURE COEFFICIENTS OF A 120-INCH FINENESS-RATIO-12 BODY OF
REVOLUTION IN THE LANGLEY 16-FOOT TRANSONIC TUNNEL
(b) M = 0.80.
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.633 -.0532 -.0605|-.0609|-.0654|~.0670]-.0729)-.0695]-. 0716 -.gis{gg .633)-.0716
.700|-.0535|-.0543|-.0360} -.065% | -.0683| -.OTh1 | -. OT32{~. OTFL | -. .700|~.08a1L
.733|-.0327|-.0382|-.0389| -. Obk% |-, 0459 -. 0555 |-. 0585 [-. 0552|-.0585 || .T33|-.0643
Kg ~.0046|-.008% |-.0095| -, 0156 -.mgg -.0283|-.0316|-.0357|-.03%0 || .T67|-.0K36
. .0283| .0263| .0259| ~o201| .arhg| .or02| . .0013| .o027] .800 -.ga
.833| .0327| .0523| .0m16| . %ﬁ .ou11| .0382 033 .0321 || .833§ .
.867| .o772| .OT8| .0TEY| .0722] . . .o06m| . .0639 || .867| .05%L
.933| .1089| .12081] .1075| .10%6] .1079] .1068| .1216| .1303] . .933| .1208
= 0.1°
0.017]0. 2487
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TABLE I.- Continued

FRESSURE COEFFICIENTS OF A 120-INCH FINENESS-RATIO-12 BODY OF

REVOLUTION IN THE LANGLEY 16-FOOT TRANSONIC TUNNEL

(e¢) M = 0.90.
o= -2.50 a = k.1°
c D E F 4 H I x/ft A B c ) E r [} i ¢ I
0.1516(0.1527 0. 1679 01826 o.1gg§ 0.2061]0.2106 |[0.017[0.2336 [0.2251 [0.2035 [0.1953 |0.1566 [0.1473 [0. 2282 [0.1271-[0. 1194
.0957| -1037] - -1250] . .1 .1526 323 B Y ]Ro a5m) . . 0972| . . m
0358/ . .o552| o621 .o760| . 092k || .067| .2007| .20k7| .0885 7h | .obse| .035%| .02M5( .0322] .
.023%| .0215| .0300| .0358| .oM61| .okso| .0530 || .100| . .0780 . .0190] .0077| .0022| .0013 [-.0061
L0215 |- 0026] .0 .0245| . L0311 || .133] . .0322{ .0146| .01k1}-.0061|-.010k |-.0159]-.0179 |-.0192
-.055%]-.0531]- % - -.0190]-.0138 || .167|-.0017]-.00T2}-.02hT |-. -.0552|-.0573|-.0629|-.05T3 |-.0383
0583 ]-.0712|- oS;{k - -.0510|-. - .233|-.03k4-.03391}-. -.060% {-. -.07hh [-.0760|-.0691[-.
-.0651 -.ggne -.0663 |-.0606 |- 0532 -.0%20] -.0%12 || .300]-.0399|-.0%03 [-.0531-.0637 |-.0738|-.0691|-.0663 |-.0605 |-.0596
-.0587{-.0616|-.0598 |-.0555| -.05h3 ] - .ok78| -.0k35 || .367)-.0h37|-.0382|-.0509|-.0573 |-.0672|-.0665 |-.06k0 | -.0563 |-.0552
0583 -.on2|-. 0596 |-.0680]-. -.0616|-.0576 || .%33]-.0497|-.0%52|-.0662(-.0637|-.0771|-.0701}-.0662{-.0605 |-.0596
-.0696| -.o13%|-.0751|-.07T3k ] -.0728] - -.0674 || .%00]-.0617]-.0616|-.0726 -.0725 -.0803}-.0Thk -.06{’52 -.0616(-.0518
-.0598|-.0638|-.0563 |-.0659| -.06%1 | -.0627| -.0620 || .567]|-. -.0584 |-.06T2|-.0691 |- .0708]-.0637|-.0574 |-.0509 |-.0509
-.0707|--0734 |-. 0762 |-.0798| -.0795] -.0798| -.0TT3 || -633(-.0802}-.0T65|-. -.0808 |-.0803]-. -.0640|-.0595]-.0585
-.0663|-. _.0806|-.0830|-.08%9}-.0872| -.0860 || .700|-.0911{-.0851]-.0502 |-.0893 {-.0825]-.0691|-.061B-.05k1 |-.0531
- -.0587]-. -.0652-.0638|-.0651 || .T33]-. -.012}-.0727 |-.0669 |-.0585 | - .oMk6 |-. 0387 | - .0296 (-.02T9
-.0138]:.0158|-.02k7|-.0307|-.0357|-.0371|-.0390 || .767}-.086k|-.08%6)-.0k32 |-.0339 |-.0214|-.009% | -.0039|-.0002| .0015
0267 .0158| .oik1| .oo70] . .0037 || .800}-.0050|-.0009| .0015| .00TT| .C201 ogu L0321 .0375| .0376
o552} .o525| .onvTs| -obT1| .okeo| . .0366 || .833| .0283| .0333| .0365] .ok28| .0528] .0610] .059% 10| .0603
0803| .0727| .o782| .OTH9| .0T03| . R .857| .o0603| .0663] . .0191| .0812| .o083%| .0801| .o823| .0812
1158 .15k .15k 76| a7 ﬁg .g00| .1370| .11B5| .109%{ . m62| .1173| .1e9| .1143] (138
121 .11e2| .132| .1133) .12%5%| .1165 .933| .1219| .1271| -1205| .1175| .1m8] .1121] .1107] .11k3| .72
= -0.1° a = 6.2°
0.111153 0.1732]0.2711 [0.2785 0. 1768 }0.1817| 0. 2766 || 0.017]0.26280.2891 |0. 205k [0. 1797 [0.1260]0.1113{0.08860.094210.0831
21219 .1g7| .1219| -n97| .1273] L1230 || .033| .201%] .19%7] .1547] .1220] .0732| .0611| .0h12| .050h| 043N
.0562| .0589| .058%| .0611} .038%| .0675| .0661) .067| . .1220| .0809| .o547( .o115| .0045]-.0073| .0077|-.0007
.035%| .0333] .0322| .0290] .0313| .0301| .c278|| .100| .0916| .o921} .03%%| .0269]-.0117}-.0222|-.0290]-.0222(-.0259
-.0072| .0077] .0059 o;go .onk| . .0103 || .133] - o551| .0071[-.0019|-.03681 -.33_9,2 -.0458|-.0393|-.0436
-.0kkk |- ohok|-.0433|-.0361|-.0379]-.0318|-.0335 || .167| .onk| .00k5{-.0304[-.0521 -.;ugg - -.0888|-.0767|-.0800
-.0508]-.06061-.0630|-.05741-.0597{-.0553] -.05T5 || -233]-. - -.05%|-.0788|-. -.1013|-.0976/-.08k1|-.0866
- -.05630]-.0564] -.0585] -.0521| -.0%32 || .300|-.0347|-.0382|-.0657 |-.0833 |-.10k2| -.0549} -.08TT| -.OTLk -.&ph
-.05431-.0532]-. - -.0573|-.0510] -.0832 || .367|-.0%18|-.0382]-.0656]-.0788|-.0965| -.0906] -.0811 | - 0665 -.065T
-.0663}-.0638|-.0663 |-.0617|-.0641|-.0606| -.0630 |{ .433|-.0%01]-. -.0822{-.0927 -.ggg -.092T|-.0822| -.0692| -.0690
-.0683]-.06T2|-.0707]-.0671|-.0707| -.0660] -.0656 || .300]-.0633|-.0671|-.0899|-.0991]-. -.0959|-.0822| -.0692| -.0690
-.0619]-. -.0629]-. -.0519|-.0585| ~.0619 || .567|-.0655]- -.0865 -.olg;'al -.0976|-.0801|-.0690 -.ggg -.0569
= -.0729|-.0723]-.0151|-.0T2h| -.OT5L || .633|-.08Th|-.0874[-.10k2]-. -.1053}-.087k -.gza -. -.ggg
-.0740|-.0745]-.0TT2|-.0735] -.07T2| -.0Tk5] -.0783 || -700|-.1028]-.0991 "% -.1251 -.019’_5{3 - - -.0596 -.
0543 | -.0510]-.035% |- 0510 -. 055k | -.0510| -.0543 || .733(-.0863]-.0885]-.. - - - -.0436] -.0361]-.0315
-.0225[-.0190| -.0225 |- . 0211 | -.02kT| -.0222| -.024T || .767|-.0633|-.0650|-.06901-.0553-.0337|-.0126 -.0132 -.23 -.0073
.0190| .019%} .0158] .ce05] .o1719| .c203| .0168| .80o|-.02hB|-.0190|-.0227(-.0103] .0105} . L0215) . L0RLT
Joson| .ovTs| .0s36| .oko7]| .os0h| .okék || -833] .om1k| .o132| .0137| .0312| .043n| .0513| .okk5! .0d51| .oLAS
o181 .om92| .o170| .o792| .0T39| 0803} .ot || 867 .o%11| .ok9h| .0333| .0657| . .0T39| .06k3| .0663) .0621
73| | - .1198| .16k} .1209] .75 | -900] . .1050] .1073| .112h) .1062| .1103| .1029| .1028| .097h
‘nwe| o] Jnake| carr| ake| .aarr) -wsifl .933] L1333 .1315) .u72) (1167) 1062 .1092( .1283| 1167 .1203

a =2.0° a = 8.5°

0.1816]0.18%0]0. 1662 |0.1637}0. 1520| 0. 1509} 0. 2432 || 0.017| 0. 3072 | 0.2797| 0. 2165 0. 1672 0. 0.0730}0.0620|0. 0.0620

1322] .1306| .1139 .1031 .09n} . 157|] .033] .2k13| .2218] 1681 mg 3??1 .0227| .0180| . .0268)]

0695] .0822] .0509| .okgh| .ok2e] .oksy .o%oo|| .067] .1603] .1k37| .0883] .0377]-.0127 -.% -.025%9 -.009h

.0365] .0279| .019%] .01%0| .0220{ . 100| .126%| .1126 osog .0088 -.gg:-a - - -.0335

0025| .0109] .0013| .0013]-.0029]-.00T3] -. .133) .0935| .063%| ~o011k]-.0201}-.0611]-. - -.0NT9)
~.0336| -.0393]-.0468]-. -.0512|-.0%85] 0512 || .267] .0%31| .0216]-.0299]-.069%]-.1083] -.2165] -. 1006 -.0820
-.05%| -.0618| -. 05651 -.06T1| -.0576] -.06TY] -.. .233| .oook|-.0137]-. '6( -.0983 -.mgg -.1283| -.1050] -.0919] -.08k2
-.0556)-. -.0676]-. -.065%| -.061] -. 06: -.0n16 -.og'r - -.m - -.197| -.0997] -. -.0677
-.0523)-. -.0599]-.0618| -.0520| -.05T5{ -.0367 || .367| -.0232(-.0319{-.06TT|~. -.1182] -.1133| -.0809 -.
-.065k|-.0682]-.0658]-.06T1|-.0676] -.0660] -.. .433| -.0335| -.0522) -. -.115%]-. -.1133|-.0799] -.061]
-.0709]-.0T24 _'&gl -.0T14|-.0709] -. -.0676 || .500 -.g’iaa -.06%0}-.0951] -.1218} -. ~.1143 -.ggg -.0611]

0643 | -.0650} -.0643 | -. 0628 -. 0599 - - .%67| -. 0532 -.0662} -.0929| -. 1154 | - -.0961] -, . -.0kT9]

0782 -.0767}-.0733| --0T33| -.0T03| - -.0676 11 .€33[-.0T73|-. -.1127|-.1293| -. 1193 -.0951] -.0699] - -.05%

-.0831} -.0819[ -.0831] -.0797| -. 0735 -. 0687 - - 700} -.0959] -.1087| -. 1226 | ~. 1379 -. -.0790] -, . -.03

-.0643(-,0618] -.0588}-.0513| -.0457] -. -.0813| .733 -.gg - -.1105}-.1122] - -.0590] -.0%02| -.0%0Y] -.
-.0325| -.0276| -. 0226 | -.0190] -. 01h9] - .e11% -.0105 || .767| -. - -.0809] -.0787| -. -.01h84 "&fﬁ . -

0103 .0120| .0158| .0226] . . .0290 || .800} -.02k7] -.0319| -.0336] -.0266] .0180| .0206] . 019

ok11| .okko| .obT7| .0536| .0853| .osv7] .oshef| .833] .owo3| .00NS| .00TO] .c206) .ON obgs| .oué6

ot9] .o750| .oT62| .o782| .o78%| .081% .o79s|| 867 .0399| .0377| .ohog| 0666 . o719| .0684 .

a7l 1186 .naks| (as7| Jas| . 1235|| .900] .1067] .12019] .136] .11k8 1137 .11y .

57| .11%6] .1135| G12%] 1113 .112 1126 .933] .1537 .1¥26| .1301] .119. 1137 - 1147
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TABLE I.- Continued

PRESSURE COEFFICIERIS OF A 120-INCH FINENESS-RATIO-12 BODY OF
REVOLUTION IN THE LANGLEY 16-FOOT TRANSONIC TUNNEL

() ¥ = 0.95.
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TABLE I.- Continued

FRESSURE COEFFICIENTS OF A 120-INCH FINENESS-RATIO-12 BODY OF
REVOLUTION IN THE LANGLEY 16-FOOT TRANSONIC TUNNEL

(e) M = 0.99.
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TABLE I.- Continued

PRESSURE COEFFICIENTS OF A 120-INCE FINENESS-RATIO-12 BODY OF
REVOLUTION IN THE LANGLEY 16-FOOT TRANSONIC TUNNEL

(£) M =1.0.

b
S
=
-

.
w
a
o
]
-
L)
o
]
o
S~
-
>
]
o

D
0.2%67|0.2401]0.2206)0.2013}0.1757{ 0. 1645 [0.1610
2067| .20%0| .1907| .1669| .1k7{ . 479 W02
L0907 i1 2

. 0900
-.ogg -.0%66|-.0831| -, 1071 -. 1185 -, 2061 [-.0949

021 |-.0k31| - 0536 |- 0832 | -
Z.0%10|- 0652|0871 -.097h | --0900| - 0780 | .
26 |-.0558 % 0938

R 0066
,0203} .0200{ .0301| .O% 0353 0329 0323
% §% ook :‘Egsi i k| or3
Bl 5| nal BB e MR e

~i0h89|-.08651-.1348 - 1583 |- 1684 -. 2a%% |-
-,030k]-.06721-. - -.10%3]-.0915 {-.0673
Jnf..0575)-.0 -.063% -.0392|-.0180|-.1053]-.1235|-.1065| -. -

500/ -, 0672 | -.0686 -.ggg}’ -.g;% -.g‘aua :.O'rsh -.ggg -.gprg -.0693 :5520 -.ggolpr -.ggég -.0818 -.1%58 "333 -.1172}-.0857 -:o%

- s -.:E‘g - -.ﬁ,{. -.1016
.00} -. 1205 | -. 1185] -. 1139 | - . 119%] -. 1159 |- . 1097 | - . 2081 |- . 2077| -. 2072 || .700[-.1339|-.1309(-.2563]-.1708]-. - - -«
-T33 -'oog -.1233] -, 1159|-.1173| -. 1081 | - -.0887 |-.08%2|-. +133|-. - -.1797|-.1572|-.1312 -.ma -.0731 [-,0659
57| - -.0100| -,0072]-.005)] . ooﬁ .00kS ol - .167]-. 078 |- g% -.% -.030%|- oo_lg oo 0033 9
. L0164| .0 .ok ,0h1B8| .oh6e| . . .03 . .01 . . o . . B
. g . 2 . 2o 0111.3& 0731 .0782 .0519 . . . .833] .ouk1| .oh37| .oh32 mﬁ .0TT1| .0817| 0762
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TABLE I.- Continued

PRESSURE COEFFICIENTS OF A 120-INCH FINERESS-RATIO-12 BODY OF
REVOLUTION IN THE LANGLEY 16-FOOT TRANSONIC TUNNEL

(g) M =1.01.
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TABLE I.- Continued

PRESSURE COEFFICIENTS OF A 120-INCH FINENESS-RATIO-12 BODY OF
REVOLUTION IN THE LANGLEY 16-FOOT TRANSONIC TUNNEL

(h) M = 1.02.
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TARLE I.- Continued

PRESSURE COEFFICIENTS OF A ]120-INCH FINENESS-RATIO-12 BODY OF

REVOLUTION IN THE LANGLEY 16-FOOT TRANSONIC TUNNEL

(1) M = 1.05.
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TABRLE I.- Concluded

FRESSURE COEFFICIENTS OF A 120-INCH FINENESS-RATIO-12 BODY OF
REVOLUTTON IN THE LANGLEY 16-FOOT TRANSONIC TUNNEL

(3) M =1.09.

0.2272 |{ 0.0170.37380.3503 j0.2970 [0.2k73 |0.1829 }0. 1525 10.1332 0. 1516 {0. 1461
.033] .3094| .2979| .2510] .19%8| .1369] .11 | .1019] .1167] .
.12%50 || .067| .2268] .2132| .1663| .1093|:.0596| .0k9s| .0504| .0762) .0743
13v1| oBss| o o] i | oase -0a83
333 l-.0618 f’-.g;%

. . . R L0937 . .0891[ 08431 .0799| 0733
13190 .933| L1808 .1T37| .1590| 1670 3?2:’1 .1633] .1k61] .1553 gggz
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L-69735
Figure l.- Downstream view of the test section of the Langley 16-foot
trensonic tunnel showing the 120-inch body installed.
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Tunne! wall
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/ Center of rolallon

strut

/ w5/

Turne! wall

Flgure 2.- Long sting configuration mounted on model support head end
strut at angle of attack.
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e X N Center of rotation Long cone
96° 375"~ \
1=120" - — |
Center of rotation 10"max. diam. .
— s I
60" 503"
1=120"

Short cone

Angular positions
of orifice meridians
looking upstream

A
§=0° 225
General transonic fuselage ordinates Orifice locations
x/1 y/l x/1 y/l
0 o) 04500 [0.04143 x/1 X/
0.005 0.00231 5000 04167 0017 0.567
0075 00298 5500 04130 033 633
0125 00428 6000 04024 067 .700
0250 00722 6500 03842 .100 733
0500 .01205 7000 .03562 133 767
0750 01613 7500 .03128 167 .800
.1000 01971 .8000 02526 .233 .833
.1500 .02593 .8333 | -.02083 -300 .867
.2000 03090 .8500 .01852 . .367 .900
.2500 03465 .9000 .0l1i25 433 .933
.3000 03741 .9500 .00439 .500
3500 | .03933 | L0000 {0
4000 .04063
Leading edge radius =0.00051

(a) 120-inch body.

Figure 3.- Dimensions and details of models tested in Langley 16-foot
transonic tunnel.

erTITETITII ST
N =G i



4A
NACA RM L53HO4

100

C_":\""‘:‘*—m”

60

2.68°
\
— 1\ '
\I0.00 mox. dia.
500 4.31
Center of rotation
3333 167
20
333 mox. dia.
. Center of rotation
180°
135° 180°
135°
105°
75°
45°
45° 2=0°
e.oo e -
Angular positions of orifice meridians
33.33-inch body
Orifice locations
x/1 1= 40"
- 1004nch body 0=0545%1355180° | ©=75°,105°
Orifice locations 0.0625 0.1625
1 l=120" 1125 .2125
Q017 0.433 1625 .2625
033 467 2125 3125
.067 500 .2625 3625
.100 533 .3125 3875
133 567 .3625 .4125
167 600 4125 4375
.200 633 -4625 4625
233 667 5125 .4875
267 | 700 5625 5125
300 733 .6125 5325
.333 767 .6625 .5625
367 800 .7125 .5875
400 .7625 6125
.8125 .6375
6625
7125

Figure 3.- Concluded.

(b) 100- and 33.33-inch bodies.
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Average surface deviation, Ay/?

» 0002

-+ 0002
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Pt |4 4 | } 4
0 ..05 .10 .15 « 20 .25 «30 .35 40 N5

Fraction of length, x/Z

+50

g

+ 0002 , j)
) g O gy o D=C N N :
0 ¢ foim:a%@q o T
-.0002 | !
0 55 ) .65 70 .75 .20 15 .90 .OF 1.00
-~ 4 L dd oy [ LE PP LR =¥ [ =50 . g L o LR AV

Praction of length, x/2

Figure L4.- Measured surface deviation along the 100-inch and 120-inch
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Average Reynolds number per foot of body length

5x10
4 /,,J
=

/’
2
2
|
0 I I
s b e .8 9 |0 [.1

Mach number , M

(a) Reynolds number per foot based on body length.

Figure 5.- Variation of average Reynolds number with Mach number for
tests in the Langley l6-foot trensonic tunnel.
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Average cross-filow Reynolds number

per fooi of body diameter

6 x10°
/// \\

5 ]

/
4

|

2 i}
- 7 8 9 1.0

Mach number , M

(b) Cross-flow Reynolds number per foot based
on meximum body diameter at 8° angle of attack.

Figure 5.~ Concluded.
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-2
oo[® PPI° orle ®o]8 ol o[e & Blg e
0 NI ) S E@ JS_%
_lg B8 o
5 L.Ql-k A I
2 it 0120" body
& 100" body
q =0 $33.33" body
alg a= L1 1
-2
oo|8 1 0 0 %6018 pole i 8lg §8]a fouly
(0] cbﬂg @ =T |~ "_H©
2
o
SIS
a
o2 a=l2° .
L -
b= a
s 50908 P12 a8 tale tole BB REla 4
£ 1 TR [ N ENE
8 3 g
o 218
3 &
e ‘a=8°
a 4 .
-2
o5 b o1 KBS FEle fale Boula RIS Ll
B@ g @B [lgd 8 | .
2 - il
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:NACA; |
§ fofl@ fod HA e Rl BBla &g
° & il &‘E’iAQ Q
&1 ae
HB a=0°
20 i 2 3 ) 5 6 7 8 9 10
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pressure distributions at one body station
(x/1 = 0.10) for four Mach mumbers at 8° angle of attack.
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(x/1 = 0.36 and 0.61) for two Mach numbers at 8° angle of attack.
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Figure ll.- Variation of pressure coefficient on the 120-inch body along

the 180° meridian for the 5° and 9° string-cone angles with Mach number

et 0° engle of attack.
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